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Refinements in the chemical determination of vitamin C in plasma and urine (2, 3) have made it possible to further supplement our previous data with observations at the lower ranges of the plasma concentration. On the basis of the previous evidence it was concluded that the excretion of vitamin C at any plasma concentration was determined by the plasma concentration, by the rate of glomerular filtration and by the rate of tubular reabsorption. It was further observed that the reabsorptive mechanism was limited by a maximal rate and that, when the vitamin was presented to the tubules by the glomerular filtrate at a rate exceeding this maximum, the excess was excreted in the urine. The observations we are reporting in this study are concerned with the nature of the reabsorptive process at the lower plasma levels of vitamin C. In the previous studies the plasma concentrations of the vitamin varied from 1.5 to 25 mgm. per cent. In the present study the plasma concentrations varied from 0.03 to 2.05 mgm. per cent.
PROCEDURE
Nineteen normal individuals were used in this study. Clearances were determined at constant plasma levels of the vitamin, and only one level was studied on any day. When necessary, vitamin C was given orally the night prior to and the morning of the experiment in order to obtain the desired plasma concentration. Fluids were forced on the day prior to the test, and on the morning of the experiment the subject drank 1000 cc. of normal saline. The first clearance period started 1ll to 2 hours after the last dose of water. The bladder was catheterized and washed out with saline. This specimen of urine was discarded. The catheter was left in situ and clamped. At 30-or 60-minute intervals urine specimens were collected and the bladder washed out with saline and air. In a previous study it was found (16) that no destruction of ascorbic acid occurred in bladder urine for periods as long as 5 hours. It seemed therefore perfectly safe to allow the urine to collect in the bladder for 30-to 60-minute intervals. Bloods were taken at frequent intervals during the clearance periods. The urines as collected were immediately acidified with glacial acetic acid and kept in the refrigerator until analyzed. No longer than 2 hours elapsed before analysis. Vitamin C in urine was determined in the photoelectric colorimeter by the method described by Evelyn et al (2) . With the titrimetric method it was difficult to determine the vitamin C clearance at low plasma concentrations due to the interference of relatively large amounts of nonvitamin C-reducing substances in the urine. Since vitamin C is the only known substance which will react with dichlorophenolindophenol immediately, the Evelyn technique provides a satisfactory method for distinguishing between vitamin C and any non-vitamin C-reducing substances. Other From this data the clearances at these low plasma levels appeared to be constant and independent of the plasma level (Figure 1) . In order to test this point further, a series of clearances was done on the same individual at different plasma concentrations. This subject, a 17-yearold male, 139 lbs., height 5'6", was placed on a vitamin C-free diet. The results of these experiments are given in Table I . Fifteen observations Figure 2 where all the observations of the urinary excretion of vitamin C below plasma levels of 1.2 mgm. per cent are plotted against plasma concentration, there is a general correlation between the plasma concentration and excretion of vitamin C. This would not exist if non-vitamin C-reducing substances were being determined. In Figure 1 the relation of the vitamin C clearance to the plasma concentration is a constant one and the clearance does not rise appreciably at the lowest plasma concentrations, a condition which would manifest itself if one were dealing largely with non-vitamin C-reducing substances at these low plasma levels. Therefore, since a correlation exists between plasma and urinary excretion, and since non-vitamin C-reducing substances would not explain the observations noted, it is reasonable to conclude that the slight rise is probably due to a magnification of the errors at low concentrations and that the clearance of vitamin C at low plasma levels is constant and independent of the plasma concentration.
DISCUSSION
In our previous work we demonstrated that there exists a maximal rate of tubular reabsorption for vitamin C. This phenomenon of a maximal rate of transfer has been demonstrated to obtain for glucose (5) and the tubular excretion of many organic compounds (4, 8 to 14) . . Shannon (15) has suggested that this limitation may follow from the circumstance that, in the process of active transfer, the substance enters into reversible combination with some cellular element present in a limited and constant amount, and it is the rate of decomposition of this complex which limits the progress of the overall reaction of transfer. In the case of vitamin C this situation may be represented as follows: (1) A where Tm represents the maximal rate of tubular reabsorption, V the rate of glomerular filtration in units of 100 cc., a the plasma concentration, Tr the calculated rate of tubular reabsorption, and K a constant.
In our previous work we attempted to describe the excretory process according to this hypothesis.
In the application of equation 2, when V, the rate of glomerular filtration, was reduced to 100 cc. per minute, the value for Tm used was 1.77 mgm. per 100 cc. of glomerular filtrate. This figure for Tm was the average value obtained for the 4 individuals in the previous study. However, Tm has been found to vary in normal individuals and even in the same individual at different times. For example, Smith and his co-workers (6) and we in our studies have observed Tm values ranging from 1.20 mgm. to 2.10 mgm. of vitamin C per 100 cc. of glomerular filtrate. This variation in Tm is not only true for vitamin C but also for glucose, as observed by Shannon (7) .
In Figure 3 the data from the previous study (1), which included the higher plasma concentrations of vitamin C, are plotted along with the present observations. The two smooth curves were calculated using the following equation:
The values for Tr were obtained by using equation 2 in which the values for Tm were 1.20 mgm./100 cc. and 2.10 mgm./100 cc. of glomerular filtrate; V was equal to 100 cc. per minute and K had a value of 0.01. This value for K was taken in preference to the one of 0.1 used in the previous study because it defined the reaction throughout the entire variation in Tr.
The data obtained at low, normal, and high plasma concentrations of vitamin C fit this calculated zone ( Figure 3 ) satisfactorily and indicate that the hypothesis upon which equations I and 2 are based can be used to describe the reabsorptive system at all plasma concentrations examined. The data further suggest (1) that the vitamin C clearance does not become zero at low plasma levels and, if equation 2 does adequately describe the system, there exists a minimal value, which is independent of the plasma level and which is of very low magnitude; (2) that as the plasma concentration rises and approaches the value for Tm, the excretion of vitamin C rises rapidly; and (3) that at very high plasma concentrations the vitamin C clearance approaches the inulin clearance.
SUMMARY
Sixty-nine observations of the clearance of vitamin C at plasma levels varying from 0.03 to 2.05 mgm. per cent suggest that the reabsorption of the vitamin is never complete and that the clearance of vitamin C at the low plasma levels is constant and independent of the plasma concentration.
